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From the perspective of the ideational fractals in systemic functional linguistics, 
this dissertation attempts to investigate the knowledge representation in middle school 
science textbooks. The investigation purports to reveal how knowledge representation 
in the textbooks is accomplished respectively through the complexing of multiple 
finite ranking clauses, the integrating of visual images with their captions, labels, and 
glosses, and the complexing of school science genres from the reporting, explaining, 
and arguing genre families. 
The investigation is based on the recognition that the ideational fractals in 
science textbooks, i.e. the logico-semantic types of projection and expansion, are not 
only manifested in the semantic environments created by lexicogrammatical 
structures, but are also manifested in the semantic environments created through the 
complexing of genres and the integrating of visual images with such verbal resources 
as captions, labels and glosses. The recognition is derived from the multidimensional 
interpretation of language in systemic functional linguistics and the exposition of 
ideational fractals, semiotic integration, knowledge, and genre in systemic functional 
linguistics. These theoretical bases guarantee that knowledge representation in the 
selected science textbooks can be approached from a unitary perspective. 
The literature review shows that problems and inadequacies still exist though 
many lexicogrammatical, multimodal, and genre studies have been devoted to various 
academic and pedagogic scientific discourses. Notably, how the intricate clause 
complexes with more than one nexus in school science textbooks are structured 
remains an issue short of systematic investigation, and how elementary genres in 
school science textbooks are organized for the formation of macro-genres is still 
devoid of empirical research. In addition, multimodal scientific discourses still call for 
studies based on abundant data and models of more explanatory power so that the 
inter-semiotic semantic integration therein can be explored with more generalizable 
















complexes, image-language integrations, and genre complexes in three sets of 
American middle school science textbooks, investigating how they fulfill semantic 
integration or knowledge representation through the logico-semantic relations of 
projection and expansion. The major findings are as follows: 
Firstly, the intricate clause complexes formed by multiple finite ranking clauses 
in middle school science textbooks can be categorized into two broad categories 
according to the tactic and logico-semantic relations and the nesting layers manifested 
in their structuring patterns. One category comprises those which only manifest 
expansion. The other category includes those which manifest projection. In respect of 
knowledge representation, the favored structures in the former category tend to those 
manifesting the logico-semantic relations of hypotactic enhancement and paratactic 
extension, and the favored structures in the latter category tend to be those which are 
formed without tactic switches and manifest mental projection. On the whole, when 
deployed for knowledge representation, the favored intricate clause complexes tend to 
those structured with a single nesting layer and with a single sub-complex, and the 
structuring of those intricate clause complexes tend to have the most recourse to 
hypotactic enhancement and paratactic extension but have the least recourse to 
hypotactic extension and paratactic elaboration. In addition, it is discovered that 
intricate clause complexes in Physical Science tend to manifest expansion and 
projection with the highest frequency whereas intricate clause complexes in Life 
Science tend to manifest the two types of logico-semantic relations with the lowest 
frequency. 
Secondly, when knowledge representation in middle school science textbooks 
demands inter-semiotic synergy, the visual resources used tend to be dominated by 
realistic images. Among the three science subjects examined, Physical Science and 
Earth Science favor narrative images, whereas Life Science favors analytical and 
classificational images. In respect of inter-semiotic integration, the top four frequently 
manifested image-caption logico-semantic relations are, in order, augmentation, 
exposition, clarification and exemplification, while divergence and enhancement are 
















Earth Science most prefer extension to be employed for image-caption integrating, the 
same purpose in Physical Science most prefers to be fulfilled through exposition. 
Moreover, it is discovered that visual images in middle school science textbooks tend 
to integrate with their verbal labels through elaborative relations, and integrate with 
their verbal glosses through the relation of augmentation, exposition, and clarification. 
Thirdly, genre complexing is also significant for knowledge representation in 
middles school science textbooks. As far as the reporting, explaining, and arguing 
genres are concerned, it is discovered that the elaborating and extending modes of 
genre complexing are generally carried out between genres from the same family, 
whereas the enhancing modes of genre complexing often involve two genres from two 
different families. For elaborating genre complexes, the elaboration generally turns 
out in the manners of specification and reformulation. For extending genre complexes, 
if the elementary genres are reporting ones, they can be typologically identical or 
different. If the elementary genres are explaining ones, there is usually restriction on 
which one functions as the initiating genre and which one functions as the continuing 
genre. For enhancing genre complexes, it is found that the genre enhanced is usually a 
reporting genre while the enhancing genre is usually an explaining genre or the 
arguing genre of exposition.  
The investigation is expected to be significant in five aspects: 1) to provide 
implications for language educators, science educators, and textbook writers; 2) to 
promote science learners’ comprehension of scientific knowledge and boost their 
development of scientific literacy; 3) to deepen our understanding of the 
knowledge-representing resources, mechanisms, and patterns in school science 
textbooks; 4) to enrich our knowledge about the disciplinary natures of science and 
specific science subjects; 5) to improve our understanding of the Hallidayan systemic 
functional theorization on language and other semiotic systems. 
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